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Maintaining balance in the human body is an intricate process. Visual, vestibular, and other somatosensory stimuli contribute information about the body's position in space and its center of gravity. Coordinated responses to stimuli must be transmitted to the appropriate muscles to correct or maintain balance. In this article, the process of keeping the body in an upright position is referred to as balance maintenance or equilibrium} 2 Elderly women, especially those 65 years of age or older, are known to be at high risk of disequilibrium. 3, 4 This loss of balance is correlated with an increased number of falls. 5 Although not every loss of balance results in a fall and not every fall results in an injury, falls frequently lead to serious complications, especially among the elderly 6 Since 1923, only motor vehicle accidents have surpassed falls as the most frequent cause of accidental death in the United States. 7 Injury to elderly individuals secondary to a fall may result in a decrease of their quality of life, permanent limitation of their activities, or death. 8 Unfortunately, those individuals who have fallen once are prone to fall again. 3 Many anatomical and physiological changes have been suggested as reasons for the decrease in equilibrium found in the elderly population. [9] [10] [11] Abnormalities have been identified in both the central and the peripheral nervous systems. 12 - 15 Circulatory changes (eg, atherosclerosis) may reduce blood flow to the brain stem, cerebellum, or cerebrum, potentially resulting in ischemic signs and symptoms or lesions of the nervous system. 13 Musculoskeletal abnormalities in the cervical region may affect the perception of the head's position in space. 16 Muscle atrophy and weakness, especially of the postural muscles, are prevalent in the aged.
17
- 20 Numerous pathological conditions have been linked to balance problems. Inner ear or vestibular disorders, neurologic disease processes or injuries, and hypertension or circulatory problems are recognized as factors that can contribute to disequilibrium. 21 The increased use of and sensitivity to prescription medications by the elderly population makes them more susceptible to adverse drug reactions and interactions, which can result in dizziness, loss of balance, and falls. 22 Tests used to evaluate the ability of a subject to maintain balance were developed as early as 1851 (ie, the Romberg test). 23 Since that time, a wide variety of balance tests and their modifications have been used. In the original Romberg test, the subjects stood with their feet close together. The examiner observed the amount of body sway exhibited by the subjects, first as the subjects stood with their eyes open and then with their eyes closed.
The one-legged stance test (OLST), also referred to as the Solec test, and the sharpened Romberg test (SR) have been used as substitutes for the Romberg test by some clinicians.
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The OLST requires the subject to maintain balance while standing on one leg, whereas the SR requires the subject to maintain balance while standing in a tandem heel-to-toe position.
The OLST is more difficult for the subject to perform than either the SR or the Romberg test because of the decreased area of weight bearing and the narrowed base of support. 11 Developmentally, the test position for the SR is generally considered a more progressive posture requiring a higher skill level than the Romberg test position. 24 Previous studies have used a maximum testing period of 30 seconds for the OLST and 60 seconds for the SR and the Romberg test. 9, 11 Although numerous standing balance tests are currently used to determine balancing abilities, data regarding the elderly population's performance on these tests are scarce and incomplete. Some studies have examined the decline of equilibrium accompanying aging, but descriptive information is not available for each specific test. The purposes of this study were to 1) collect balance data on healthy, elderly women using two static balance tests; 2) determine the relationship between the balance times and falls; and 3) determine the effect of wearing shoes on balance. Evaluation of these data could lead to a better understanding of the balance reactions of elderly women and may assist in the development and analysis of treatment programs to improve balance and prevent falls.
Four research hypotheses were posed. First, a difference would be found between the proportion of subjects able to reach maximum balance times for the SR and the OLST. Second, balance time would decrease as age increases among the elderly. Third, a negative relationship exists between a history of falls and balance time. Fourth, wearing shoes would affect balance time.
Method

Subjects
Healthy, female subjects between 60 and 86 years of age were recruited from local church groups, senior citizen centers, The University of Birmingham at Alabama, retirement apartment complexes, and nutrition centers in the community. Subjects had to be independent in activities of daily living and able to walk without an assistive device. Volunteers with serious musculoskeletal problems (eg, joint replacement, fracture, or surgery) within the past year, Parkinson's disease, cerebrovascular accident, or multiple sclerosis were not included in the study. Participants read and signed a voluntary consent form approved by the Institutional Review Board for Human Use at The University of Alabama at Birmingham. Medical information (including the number of falls within the past year and medical history) was elicited verbally from the subjects.
Measurement
A digital stopwatch was used to conduct the timed trials of the balance tests. Subject height and weight were measured by the primary investigator (RCB), as were shoe heel height, shoe sole thickness at the first metatarsal head, and shoe heel width and length. The amount of visible shoe wear was estimated as "none," "minimal," or "badly worn." The Harris test was used to evaluate lower limb dominance. 25 
Procedure
During all tests, subjects were instructed to keep their arms by their sides. If the subjects began to move their arms to regain balance, they were instructed to return them to their sides. The primary investigator demonstrated each test position for the subjects prior to testing. Subjects were given an opportunity to practice each test twice before timed trials began. Subjects who requested help to assume testing positions were perPhysical Therapy/Volume 69, Number 9/September 1989
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mitted to use the investigator's arm to steady themselves prior to starting the timed trials. No instructions were given regarding the subjects' knee position or visual fixation. All testing was performed on level vinyl flooring.
The balance tests performed were the SR and a modified OLST. The SR was performed in a heel-to-toe standing position with the dominant foot behind the nondominant foot. Timing was started after the subjects had assumed the proper position and indicated that they were ready to begin. Timing was stopped if the sub jects moved their feet from the proper position, if they opened their eyes on the eyes-closed trials, or if they reached the maximum balance time of 60 seconds. Three trials were performed if the maximum balance time was not reached in either of the first two trials. The longest balance time of the recorded trials was used for the data analysis.
The OLST also was performed in the standing position with the subjects' arms by their sides. Timing was started when the subjects raised the appropriate foot off the ground. Tim ing was stopped if the subjects dis placed the foot they were standing on, touched the suspended foot to the ground, used the suspended foot to support the weight-bearing limb, or reached the maximum balance time of 45 seconds. Three trials were per formed if the maximum balance time was not reached in either of the first two trials. The longest balance time of the recorded trials was used for the data analysis.
Most clinicians use a maximum bal ance time of 30 seconds for the OLST and we also defined the maximum balance time for the OLST as 30 sec onds for the purposes of this study. We continued recording OLST bal ance time to a maximum of 45 sec onds, however, to provide a more accurate statistical calculation of the mean OLST time. By using a 45-second limit for the OLST, we expected that less of a ceiling effect would be observed (in mean balance time calculations) and that a more normal distribution of balance times would be gathered.
The subjects performed each test first with their eyes open and then with their eyes closed. All tests were per formed in both the shoes-on and shoes-off conditions. Halfway through the balance testing, a five-minute break was permitted while subjects changed shoes-on-shoes-off condi tions. Subjects were permitted to rest between trials or tests as desired. One investigator stood near the subject at all times to prevent falls attributable to loss of balance.
The order of the balance test sequence was random. Four test sequences were possible: 1) SR, right OLST, left OLST; 2) SR, left OLST, right OLST; 3) right OLST, left OLST, SR; and 4) left OLST, right OLST, SR. Each sequence could be performed starting either with or without shoes. Test results were later regrouped and analyzed according to foot dominance instead of right or left OLST conditions. Two examiners (RCB, SAS) collected data for this study. To examine intertester reliability, these two examiners simultaneously timed one subject, who simulated loss of balance, for 25 trials (for both tests in various condi tions). The Pearson product-moment correlation (r) for these 25 paired times was .99.
Data Analysis
Data were analyzed using the statisti cal analysis system (SAS-PC) computer program. 26 Subjects were stratified by age in five-year increments. We exam ined balance times and the percent age of subjects reaching maximum balance times within groups by age, number of falls, open-eyes or closedeyes conditions, and shoes-on or shoes-off conditions. The longest bal ance time for each condition was used for the data analysis. A two-way analysis of variance (ANOVA) was used to compare the mean balance times of those subjects who had fallen with the mean balance times of all subjects in their age group. A Tukey multiple range test was used sepa rately on each test to evaluate mean balance time versus age. 26 Shoes-on, shoes-off, eyes-open, and eyes-closed relationships to mean balance times were also evaluated by a Tukey multi ple range test.
Results
Two of the 73 participants in this study were unable to complete testing because of medical problems and were eliminated from the subject pool: One subject experienced back pain during the SR, and the other subject experienced pain during shoes-off balance testing as a result of a plantar wart. Thus, a total of 71 sub jects completed the testing.
The mean age for all subjects was 72.25 years (s = 6.97). Subjects were divided into five groups according to age. The subjects in Group 1 (n = 14) were aged 60 to 64 years ( = 62.79, s = 1.31), those in Group 2 (n = 13) were aged 65 to 69 years ( = 67.08, s = 1.55), those in Group 3 (n = 16) were aged 70 to 74 years ( = 72.00, s = 1.51), those in Group 4 (n = 16) were aged 75 to 79 years ( = 77.44, s = 1.26), and those in Group 5 (n = 12) were aged 80 to 86 years ( =82.33,5= 1.87).
Eleven subjects were left-foot domi nant. The OLST results were analyzed according to right-leg stance, left-leg stance, dominant-leg stance, and nondominant-leg stance (p ≤ .05).
Subjects wore a wide variety of shoe styles. Adjusted heel heights (heel height minus sole thickness measured at the first metatarsal head) varied from 0.0 to 5.9 cm. Greater than 90% of the subjects had an adjusted heel height of less than 3.8 cm.
When results of the eyes-open OLST (for all ages) were plotted on a graph, maximal balance times fell into three general clusters. Approximately one half of the subjects had maximal bal ance times of less than 15 seconds. The remainder of the subjects' maxi mal balance times on this test fell into two fairly equal groups. The first
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Of the 71 participants who completed testing, 19 reported falling at least once within the previous year. One subject had fallen four times, 2 had fallen three times, 5 had fallen twice, and 11 had fallen once. When their mean balance times were compared with the mean balance times of those subjects of the same age group who had not fallen, no statistically signifi cant difference was found between the performance of those who had fallen and those who had not fallen.
The mean balance times for the entire sample and for each of the five age groups are provided in Physical Therapy/Volume 69, Number 9/September 1989 751/49
Groups 3, 4, and 5 for all conditions of the OLST (p≤ .05). 
Discussion
When using a standing test to evaluate balance, the clinician should recognize that performance will differ according to the age of the subject. Potvin 
50/752
Physical Therapy/Volume 69, Number 9/September 1989 Physical Therapy/Volume 69, Number 9/September 1989 753/51 and eyes-closed conditions). 9 The results of our study, however, show that eyes-closed SR performance for individuals under 79 years of age was below 30 seconds for approximately one half of the population.
There are no current studies that compare SR and Romberg test performance. Comparison of the results of subjects performing the Romberg test in Bohannon et al's study 9 and the results of subjects performing the SR in this study does indicate a significant difference between these two tests (the SR appears to be more difficult to perform than the Romberg test).
In earlier studies, subjects' balance times generally decreased as age increased. 9, 11 The balance time-age relationship appears most evident for the OLST and to a lesser extent for the SR. The one exception in the present study is Group 4, who performed worse on some tests than Group 5. There are several possible explanations for this finding. Group 5 contained two individuals who excelled on most tests. Using volunteers, as opposed to random selection, may have biased the results. In addition, the health of the individual is generally expected to affect balance time. 29 Although not statistically significant, lower balance performance on certain tests may be linked to the disproportionate number of subjects with musculoskeletal problems in Group 4. Six of the seven women who had musculoskeletal problems within the past five years were in Group 4.
When comparing eyes-open versus eyes-closed test performance in elderly subjects, the findings are quite clear. Eyes-closed performance was markedly worse than eyes-open performance. If visual acuity had been checked and corrected prior to balance testing, there might have been an even greater difference between eyes-open and eyes-closed balance performance. 30 Rosenthall and Rubin 
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The testing position of the OLST was more difficult to maintain than that of either the SR or the Romberg test. The OLST may be valuable in making fine distinctions in balance performance, such as evaluating the results of treatment used to improve balance. The Romberg test and the SR appear to be best suited for detecting major abnormalities in balance.
A longer maximum balance time could be selected for longitudinal studies, particularly those involving younger subjects, where pretreatment balance times on the OLST approached the 30-second maximum.
For example, a person is able to balance 25 seconds before he or she begins an exercise program and is able to balance for 35 seconds after completing the exercise program. Using a maximum balance time greater than 30 seconds would be appropriate for this subject to objectively document the amount of improvement in balance performance.
The SR may not be the test of choice for certain patient populations. Obese subjects with large thigh circumference may not be able to assume the test position. The OLST and the SR place the hip in adduction, which may be contraindicated for subjects who have had a recent total hip replacement.
In this study, three trials were permitted for each test. Bohannon et al 9 and Graybiel and Fregly 11 used up to five trials for the OLST. In the current study, the best trial results were distributed evenly among the three trial sequences except on tests where a large number of subjects reached maximum balance times. When maximum balance times were reached, the majority were on the first trial. Three trials appear to provide a good indication of balance capabilities.
The information concerning falls demands careful analysis. For example, one 63-year-old subject who demonstrated excellent balance performance in this study had fallen four times within the past year; however, she was highly active and participated in more dangerous activities such as mountain hiking and climbing ladders to clear debris off her roof. In contrast, another subject who had fallen was 77 years of age, was moderately obese, had undergone bilateral total knee replacements, and was involved in primarily sedentary activities. The first individual's increased risk of falling was consis- The second individual may have been more prone to falls as a result of her medical condition. A more detailed history concerning falls is needed for proper analysis. Evaluating whether falls were due to intrinsic or extrinsic causative factors may help us to recognize a relationship between falls and balance maintenance.
Clinical Implications
Additional research is needed in the area of balance maintenance among the elderly population. Specifically, the OLST may be greatly affected if a subject's hip musculature is weak or easily fatigued. Subjects' balance could be tested prior to and after completion of various exercise programs.
In this study, no significant difference was found between the balance times of those subjects who had fallen within the past year and those who had not fallen. Subjects with serious injuries attributable to falls within the previous year could not participate in this study; therefore, our fall-related results are incomplete. Longitudinal studies are needed to determine whether subjects with poor balance performance have more falls and injuries attributable to falls. A longitudinal study could more specifically evaluate the effect of aging on individual subjects' balance performance.
Foot dominance and shoe wear did not affect balance test results in this population. Thus, the clinician does not need to evaluate foot dominance and could use either the right or left leg for the OLST. Barefoot testing may be preferred because foot abnormalities and ability to stand can be observed more easily than when shoes are worn.
The benefits to the clinician of timed standing balance tests include time efficiency, low cost, no need for special equipment, and the simplicity of training testers. Balance tests are one more tool available to the clinician when trying to determine whether patients are ready to assume more independence in their ADL. They can be used to indicate which patients may require further diagnostic tests. Standing balance tests provide an indication of the patient's ability to maintain balance.
Conclusion
The results of this study indicate that balance times on the OLST and the SR decrease as age increases in noninstitutionalized elderly women. Eyesclosed test performance was markedly worse than eyes-open test performance in the elderly women in this study. More subjects were able to reach maximum balance times on the SR than on the OLST. Of the three tests, the OLST appears to be the most difficult to administer, followed by the SR and then the Romberg test. Foot dominance and shoe wearing did not affect balance performance. Expectations regarding balance maintenance should be adjusted according to age.
